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Non-Hodgkin lymphoma (NHL) belongs to
the types of malignant diseases that have
shown the largest increasing incidence in
Sweden and in other Western countries during
the second half of the 20th century. According
to statistics in the National Swedish Cancer
Registry, the yearly age-standardized incidence
increased significantly for NHL during
1971–1990, an average of 3.2% for men and
3.1% for women (National Board of Health
and Welfare 1993). The corresponding figures
for 1991–2000 were –0.8% and –0.2%,
respectively (National Board of Health and
Welfare 2002a). A clear change of the inci-
dence was seen about 1990 (Figure 1).

In the 1990s, the increasing incidence of
NHL also leveled off in Denmark (study period
1989–1998; Danish Cancer Registry 2002)
and in Finland (study period 1954–2000;
Finnish Cancer Registry 2003), but not in
Norway (1955–2000; Cancer Registry of
Norway 2003) or in the United Kingdom
(1971–1997; National Statistics 2001).

The Surveillance, Epidemiology, and End
Results (SEER) Program (2003) of the
National Cancer Institute is the most authori-
tative source of information on cancer inci-
dence in the United States. Data have been
collected from certain states beginning in
1973; 1999 is currently the last year with
available data. The annual percentage change,
based on rates that are age adjusted to the
2000 U.S. standard population by 5-year age
groups, for all races and both sexes, was
+3.6% (p < 0.05) during 1973–1990, +1.6%
during 1990–1995, and –0.9% during
1995–1999. However, the declining incidence

was seen only in men, although a declining
mortality was seen in both sexes during
1990–1995. The increasing incidence of
NHL since 1973 clearly leveled off during the
1990s (Ries et al. 2002).

Are there any etiologic agents that can be
associated with the changing incidence of
NHL in Sweden and other countries? The
etiology of NHL is only partly known.
Immunosuppression, both acquired and
hereditary, has been described to increase the
risk, for example, of drug-induced immuno-
suppression after organ transplantation, infec-
tion with human immunodeficiency virus
(HIV), and certain autoimmune diseases.
Also, viruses, especially Epstein-Barr virus
(EBV), have been postulated to be of etio-
logic significance (Evans and Mueller 1990).

These risk factors cannot explain the
observed changes of the incidence of NHL,
however. The initial large increase of the inci-
dence and later stabilizing or even decreasing
incidence might be explained by one or several
environmental agents with decreasing expo-
sure of the population (e.g., because of regula-
tion). Because the tumor-induction period in
lymphomagenesis, as for other malignant dis-
eases, varies from years to decades, regulation
of such risk factors would probably have
occurred during the 1970s and 1980s.

In this article, we discuss results from our
studies and those of others since the late
1970s about the association between some
chemical compounds and the risk for NHL.
Our hypothesis is that changes in exposure to
these compounds may at least partly explain
the observed changes of NHL incidence, with

Sweden as one example. Our intention is not
to give a complete review of the etiology of
NHL (for review, see, e.g., Hardell and
Axelson 1998; Hardell et al. 2003). Risk esti-
mates and exposure frequencies in our studies
enable calculation of the attributable fraction,
that is, the proportion of cases that can be
attributed to the particular exposure. This
was calculated as the exposed case fraction
multiplied by [(OR – 1)/OR], where OR is
the odds ratio.

Phenoxyacetic Acids and
Chlorophenols
Phenoxyacetic acids were synthesized during
World War II and were widely and increas-
ingly used as herbicides (including on hard-
wood trees) from the early 1950s both in
Sweden and in other countries. The chemi-
cally related chlorophenols were primarily
used as impregnating agents.

Our first study on risk factors for NHL in
men, which was initiated by a clinical obser-
vation (Hardell 1979), was published in
1981. We found a significant association
between exposure to phenoxyacetic acids and
chlorophenols and malignant lymphoma,
both NHL and Hodgkin disease (Hardell et
al. 1981). The results for NHL were also
published separately (Hardell et al. 1994) and
have been replicated by other research groups
both in Sweden (Persson et al. 1989) and in
other countries (Zahm et al. 1990; for
updated review, see Hardell et al. 2003).

Our first investigation on NHL included
patients diagnosed during 1974–1978 and
mainly assessed exposures from the late 1940s
and later (Hardell et al. 1981, 1994). The
phenoxyacetic acids 2,4-dichlorophenoxy-
acetic acid (2,4-D) and 2,4,5-trichloro-
phenoxyacetic acid (2,4,5-T) constituted
Hormoslyr (Gullvik, Sweden), one of the
most widely used pesticides in Sweden during
that period. 2,4,5-T was contaminated with
dioxins during the production. Most haz-
ardous among these dioxins was 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD), one of
the most toxic chemicals in the world and
now classified as a group I human carcinogen
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